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1-BACKGROUND
Son preference and discrimination against female children in China have produced a consistently male-biased sex ratio at birth and excess female infant and child mortality. The result is a shortage of women and an unbalanced sex structure in the population of China. Using 1990 census data, Coale and Banister (1994) estimated that if China had been experiencing both a normal sex ratio at birth (usually the range is 102 to 107 male births for every 100 female births) and normal survival rates by sex, then the sex ratio of China's total population should not exceed 102 males per 100 females. Since the actual sex ratio of the total population shown by the 1990 census was 107 males for every 100 females, there was clearly a marked deficit of women.
In order to measure the deficit of women caused by gender discrimination, Sen (1989 Sen ( , 1990 proposed an estimate of "missing women" that compares the sex ratios by age in an actual population with those in a model population that was assumed to have experienced a normal sex ratio at birth and non-gender-biased mortality rates. If the sex ratio of the 'actual' population exceeded that in the model population, then the missing fraction of the female population who would have to be alive in order for the actual sex ratio to equal that in the model can be used to estimate the number of missing women (Klasen and Wink, 2002; Cai and Lavely, 2003) .
The phenomenon of "missing women" is prevalent in many Asian countries (Das Gupta and Li, 1999; Klasen and Wink, 2002; Hvistendahl, 2011) . Estimates for the 1990s show that in India alone there were 39.1 million missing females, comprising 7.9 per cent of the expected number of women in the absence of such a phenomenon. In Pakistan, the number was 4.9 million, accounting for 7.8 per cent of the expected number of women; and in Bangladesh, 3.7 million, about 6.9 percent. China, with the largest population in the word, has 40.9 million "missing women", 6.7 per cent of the expected female population (Klasen and Wink, 2002) . It is estimated that in the past three decades, 163 million girls, who according to biological averages should have been born, are missing from the world (Hvistendahl, 2011) .
There have always been missing women throughout Chinese history. Certainly, infanticide and abandonment of female children were both prevalent before 1950. In the late nineteenth century, a missionary questioned 40 women aged fifty or above. Together they had given birth to 183 sons and 175 daughters, but while 126 of the sons survived to age ten only 53 of the daughters did so. The women admitted to killing 78 of their female children (Wolf and Huang, 1980) . Female infanticide, mainly driven by a strong preference for sons due to Chinese patriarchal culture, became more prevalent when resources such as food and money were limited.
It served to ensure that boys would receive relatively more resources and thus have better chances of survival (Q. Jiang and Sánchez-Barricarte, 2011) . In the first half of the twentieth century, wars and famines meant that families felt compelled to allocate their limited resources to their sons, which resulted in higher than normal mortality of female children and a higher proportion of missing females (Das Gupta and Li, 1999) . Since 1980, China's low fertility, resulting from both rapid socio-economic change and strict birth control policies, has driven the sex ratio at birth to increase continuously. The stringent fertility control polices made and implemented by governments at various levels have contributed markedly to a higher than normal sex ratio at birth. The reduced number of children, mandated by fertility control policies, entails a lower probability of having a son and leads people to turn to sex selective abortion to ensure the birth of at least one son when the sex and number of children are in conflict (Jiang et al., 2011a) . In the 1982 census, China's sex ratio at birth was 108.5 males per 100 females, and this rose to 111.3 in the 1990 census, and worsened further to 116.9 in the 2000 census.
At present, there are two sets of 'missing women': those who go missing before birth and those who are 'lost' after birth (Li et al., 2007) . The first set are mainly the result of sex-selective induced abortion, which produces a high sex ratio at birth, while the second set results from infanticide and the abandonment of female children as well as from the biased treatment of girls' illnesses leading to excess female infant and child mortality (Q. Jiang et al., 2011a) . Cai and Lavely (2003) differentiated between 'nominally' and 'truly' missing women. 'Truly' missing refers to females who have disappeared both before and after birth for the reasons just listed. The 'nominally' missing includes not only the truly missing but also those who are living but whose births were not registered. The latter are 'falsely missing' from the statistics.
The phenomenon of missing women reflects the ideology of son preference and discrimination against girls, which has deep social roots in China. The strict patrilineal family system that has existed throughout most of Chinese history has led to son preference.
Patrilineage determines the dominant status of men when inheriting property, in living arrangements, in continuity of families, and in family power structure. The social structure is governed by men; only men can continue the family lineage, and children can only acquire their social status and enter the social structure through their father. A woman is evaluated according to her fertility, especially her ability to bear male children. The custom of patrilocality in China entails that when daughters marry they become part of their husbands' families, retaining only a sentimental relationship with their natal families from whom they receive no substantial benefits and to whom they have no responsibilities. Most of a family's material resources are inherited by the sons; daughters can only acquire mobile articles in the form of dowries or inheritance.
Patriarchy in China curtails women's opportunities to take part in economic activities outside the family and therefore limits their external communication. As a result, women have had to depend on men, giving women low status both within the family and in society (Das Gupta and Li, 1999) .
It has also been argued that features of China's economic system and public policy, such as a currently unsound social security system and the strict birth control policy since 1980, have stimulated or intensified the need for a son (Zeng, 2007; Das Gupta et al., 2010; Ebenstein and Leung, 2010) . Both the low status of women and son preference lead to various forms of discrimination against girls, including sex-selective induced abortions of female fetuses, but also insufficient investment in the rearing of female children, excessive punishment of girls, their abandonment, and, in some extreme cases, infanticide, producing a relatively high sex ratio at birth and low survival rate of female babies and girls (Li et al., 2007) .
Many scholars have estimated the number and percentage of missing women in China (Coale and Banister, 1994; Das Gupta and Li, 1999; Klasen and Wink, 2002; Cai and Lavely, 2003) . Two points emerge from these studies. First, they used mainly statistics for a specific year or years when a Chinese census was conducted, leading to estimates of missing women either corresponding to some specific periods of time or corresponding to the whole population in a given census year in the twentieth century. As a result, the number of Chinese women who have 'gone missing' across the whole of the twentieth century has not yet been estimated; although this is important to the understanding of historical demographic change of China. Second, in these analyses, data are usually not adjusted for the underreporting of females in the censuses, especially the most recent ones, such as the 2000 census in which, it is widely acknowledged, there was serious undercounting. All of these important issues need to be addressed further. Throughout China's history, surplus males as a consequence of the marriage squeeze brought about by missing women have been a source of societal unrest posing a threat to social stability (Q. Jiang and Sánchez-Barricarte, 2011) . From the historical dynamics of the number of missing women, we can explore the socio-demographic consequences of the missing women over the course of the twentieth century in the hope that this knowledge will help to reduce gender discrimination and contribute to reducing the sex ratio imbalance in order to allay the threat of social unrest in the future. This paper thus aims to estimate the numbers of and trends in China's missing women over the twentieth century. The paper consists of four parts. First, we introduce and evaluate the methods used and the census statistics employed. Second, we report on the results for selected periods within the twentieth century. Thirdly, we discuss the "bare branches" phenomenon, which arose as a direct consequence of the women missing from China. Finally, we discuss what the phenomenon of missing women has meant for Chinese society in the twentieth century and consider its present day implications and offer suggestions for possible countermeasures.
2-METHODOLOGY
Methods to estimate the number and percentage of missing women can be generally divided into two kinds. One method is to use the sex ratio of the total population (Sen, 1990; Klasen and Wink, 2002) , or what we call the "overall-sex-ratio" approach. Applying the sex ratio of a chosen benchmark population to the number of men in a population under investigation in a given year, the expected number of women in the study population can be estimated. The difference between the women expected and the women alive in the observed population provides the number of missing women. It should be noted that the number of missing women estimated by this overall-sex-ratio approach corresponds to the existing observed surviving population in the given year.
An alternative method of estimating the missing women is to study the missing women in individual cohorts, using census data, in what we call a "cohort-sex-ratio" approach. This was proposed by Coale and Banister (1994) and followed by Das Gupta and Li (1999) , who studied South Korea and India as well as China, and Cai and Lavely (2003) , who studied China. First, they assumed that the sex ratio at birth and the survival status of men and women of each birth cohort are 'normal' under a certain life expectancy, and then estimate the expected sex ratio of each cohort in each census. Second, they calculate the expected female population according to the number of surviving men in each census and the sex ratio assumed to apply, and then estimate the number and percentage of the missing women for each birth cohort. As the surviving populations from these birth cohorts differ at different censuses, the sex ratio of each birth cohort is also different at each census date, so the percentage of missing women in the same 8 birth cohort differs at different censuses.
We use the cohort-sex-ratio approach of Coale and Banister (1994) to estimate the missing women in twentieth century China using data from the 1953, 1964, 1982, 1990, and 2000 censuses. To ensure the consistency of the estimated data, we use the following segments of the Coale and Banister (1994) and Das Gupta and Li (1999) defined the percentage of missing women as the ratio between the estimated missing female population and the observed female surviving population, while here we define the fraction of missing women as the ratio between the missing female population and the expected female population and report it as a percentage.
3-DATA EVALUATION AND ADJUSTMENT
Data employed here can be divided into two types according to the above-mentioned methods: the first are the data of different ages and genders from the five censuses of 1953, 1964, 1982, 1990 and 2000 in China; the second comprise the statistics used to calculate the expected sex ratio.
For evaluation and adjustment of census data, the accuracy of population census statistics in terms of ages and gender exerts a rather strong influence on the estimation of the missing female population. In each of the five Chinese censuses used, the record of ages is believed to be quite accurate (Coale and Banister, 1994; Li et al., 2006) , with little mis-reporting of age or age-heaping. However, two factors in the census statistics deserve special consideration. One is the military population. In the 1953 and 1964 censuses, there was no tabulation of soldiers by age. In the census of 1982, the statistics of the army in terms of different genders are in the form of lists of people in 5-year intervals. We adopt Coale and Banister (1994) 's method to adjust the statistics on soldiers and incorporate the military population.
The second factor is misreporting of the population, including both general under-reporting in all five censuses and over-reporting for young age groups in the 2000 census. Generally speaking, due to the strict household registration systems in China, there was little under-reporting of individuals in the 1953 and 1964 censuses, but in the census of 1953, there were altogether 10.4 million people whose gender and age were not clear. For the purposes of our analysis we assume that the gender and age structure of these people are consistent with those of the overall population recorded in the census and allocate them to various age groups. We adopt reverse survival analysis to adjust the statistics of 1-17 year-olds in the 1982 census using the data from the 1990 census in a manner very similar to that used in a study on the adjustment of population size and age structure in the 2000 census by Li et al. (2006) . Table   1 shows that after adjustment it is estimated that in the 1982 census for the cohorts born between 1964 and 1980 who were 1-17 years old in 1982, the number of individuals under-reported is 1.49 million for men and 0.32 million for women, a total of 1.81 million for both genders. We use the adjusted age and sex specific population for age 1-17 years old in 1982 to estimate missing women. In the 2000 census, Li et al. (2006) found that the population aged 0-19 is underreported by 16.68 million men and 17.97 million women, a total of 34.65 million for both genders. The underreporting rate, shown in Table 1 , is therefore much higher than in the 1982 census, and the rate of under-reporting amongst women is considerably higher amongst women than amongst men, which would definitely affect the estimate of number of missing women. We use the adjusted age-sex-specific population for age 0-19 years old in 2000 to estimate missing women for the 1981-2000 birth cohorts. For details of this adjustment, please refer to Li et al. (2006) .
Data for calculating the expected sex ratio also requires some discussion. As many other scholars have done (Coale and Banister, 1994; Das Gupta and Li, 1999) , we chose the Coale-Demeny West model life table as the basis for estimating the number of missing women in China, and also took 106 males per 100 females to be the normal sex ratio at birth. Another factor that has to be considered is female life expectancy at different ages. For life expectancy between 1900 and 1990, we use the data from Coale and Banister (1994) and Das Gupta and Li Table 2 . Generally speaking, as the life expectancy in scenario 1 is lower for the first four decades, the estimated number of missing women under this scenario is relatively higher. Therefore, we define the estimated number of missing women based on scenario 1 as an upper limit and consider it as the main result to discuss, while taking the estimated results based on scenario 2 as a lower limit. Jiang et al. (1995) ; Das Gupta and Li (1999); Li et al. (2005) With the above data and methods, we estimate the number and percentage of missing women by birth cohort for our selected periods between 1900 and 2000: 1900-1945, 1946-53, 1954-63, 1964-1979 and 1980-2000. 
4-NUMBER AND TRENDS OF MISSING WOMEN
Under scenario 1 in Table 2 In order to examine reasons for these trends in the percentage of missing women, we divide the twentieth century into four periods, i.e., the late Qing Empire period (1900) (1901) (1902) (1903) (1904) (1905) (1906) (1907) (1908) (1909) (1910) , the Republic of China period , the Orthodox Communist period , and the Economic Reform period . The numbers and percentages of missing women in each period are shown in Table 3 . [1958] [1959] [1960] [1961] [1962] 10. Cultural Revolution (1966 Revolution ( -1976 11 In 1980, the Chinese government launched a strict birth control policy, restricting most couples to only one child. This policy, together with rapid economic development and sociocultural change, caused a steady decline in fertility to below-replacement level: the total fertility rate was around 1.7 children per woman in 2000. With such a small number of children parents cannot always be sure to achieve the desired gender configuration of their children. As prenatal sex identification techniques such as ultrasound-B have become widely available to the Chinese population since the late 1980s, allowing sex-selective abortion, (Chu, 2001; the sex ratio at birth has increased rapidly, from a normal value of around 107 males per Thus, discrimination against females, as a reflection of the patriarchal and patrilineal systems in China, appears to have intensified in these periods of stress on family resources (Das Gupta and Li, 1999) . For instance, during the periods of war in the first half of the twentieth century, young men were forced to join the Chinese army and the common people were required to supply operational rations, they suffered harassment by the warring militias, and had to flee from their hometowns when they came under attack (Chi, 1976; McCormack, 1977) . Wars, as well as famines, resulted in severe resource scarcity and families would allot their limited resources to their sons who were perceived as more useful. Consequently girls were seen as a burden and were more likely to suffer discrimination; abandonment and infanticide of female children became widespread and their mortality rate was higher than normal during these periods. Such phenomena were seen not only in China, but also in India and South Korea (Das Gupta and Li, 1999) . However, since the mid 1980s, the main approach used by Chinese couples to achieve the desired gender configuration amongst their children has changed from the infanticide and abandonment of female children used in the first half of the century to sex-selective induced abortion aided by new technology, a shift observed by Coale and Banister (1994) .
5-BARE BRANCHES-A DIRECT CONSEQUENCE OF MISSING WOMEN
The phenomenon of "missing women" has made it impossible for many males in China to find a spouse. Referred to as 'bare branches' in Chinese, these men are over marriageable age but, involuntarily, were unable to marry, and therefore have no wife and children, just like a bare branch of a tree without leaves. Throughout China's history, there have been quite a large number of such men. During the period from the sixteenth century to the late nineteenth century, over 20 per cent of all males in China were considered to be 'bare branches'. Statistics from the early 1800s show that about one-fourth of males over thirty were single and that 10-15 per cent of forty-five year-old males were 'bare branches' (Q. Jiang and Sánchez-Barricarte, 2011) . Table   4 shows the proportion of unmarried males and females in an extensive survey undertaken at the beginning of the 1930s. As most bare branches were single involuntarily, they sought solutions in less socially acceptable unions and sexual outlets, which led to the popularity of non-mainstream marriage forms and allegedly to an increase in adultery, prostitution, and sexual assaults (Guo, 2000) .
Lower class bare branches were the least stable elements of the population and were inclined to commit crimes and generally disrupt the social order. They played a major role in collective conflicts and were the main source of membership for secret societies, brotherhood associations, bandit groups, and other similar organizations, many of which were viewed as antisocial, before the founding of the PRC (Q. Jiang and Sánchez-Barricarte, 2011) . In fact, banditry was so rampant in China that it is estimated there were a large number of bandits in the 1920s and 1930s, most of whom were bare branches (Shan, 2006) . The very lack of a wife drove many bare branches to banditry. Often the motivation for many young males to join such groups was precisely to find a wife and many bandit groups routinely lured young males to their ranks by promising to select female captives for them (Q. Jiang and Sánchez-Barricarte, 2011) .
Recently China's bare branches have drawn much attention (Hudson and den Boer, 2004 ).
The sex ratio at birth in China began to deviate from the normal range in the early 1980s, and has continued to rise during the past three decades. Though some optimistic research studies assert that the sex ratio at birth in China has begun to decline (Das Gupta et al., 2009; Guilmoto, 2009 ), the 2010 census shows a sex ratio at birth of 118.6 males per 100 females, an increase when compared to the sex ratio of 116.9 males per 100 females in the 2000 census. The cohorts born in the 1980s are now of marriageable age. For the years 2015 to 2045, the ratio of potential marriageable males to females is predicted to be over 115:100, and China will face an annual surplus of one million males (Q. Jiang et al., 2011b) . As women tend to marry men whose socioeconomic status is equal to or higher than theirs own, it is the men from the lowest socioeconomic strata who will not be able to find a wife (Hesketh & Zhu, 2006) . Researchers studying the effect of these surplus males on China's socio-economic development have suggested that they may be a source of social instability (Hudson and den Boer, 2004; Edlund et al., 2007; Ebenstein and Sharygin, 2009; Das Gupta et al., 2010; Wei and Zhang, 2011) , a concern which China's media have recently heightened by reporting the existence of a large number of "bare branch villages" in many provinces, causing grave concern for social stability in these areas.
6-CONCLUSION AND DISCUSSION
Demographic and social issues, such as the size and aging of the Chinese population, the demand and supply of labor, and the marriage squeeze, have attracted much attention from academics, the general public, and the Chinese government. The phenomenon of "missing women" is a key component of these issues. For example, "missing women" decrease the current population estimate. Although this decrease may have little influence on the current population size, its cumulative impact upon population growth will be significant and result in important social problems (Cai and Lavely, 2003; Jiang et al., 2011a) . Using data from five censuses from the second half of the twentieth century, we estimated the number and percentage of women who were born and missing across the century in China, and showed how these can be related to important historical, political and social events.
Using the assumptions of life expectancy laid out in scenario 1 of Table 2 , the estimated total number of females 'missing' from China across the twentieth century from the birth cohorts between 1900 and 2000 is 35.59 million, representing 4.65 per cent. However, if life expectancy is assumed to increase linearly every ten years between 1900 and 1939 (that is scenario 2 in Table 2 ), rather than remained stable, then the number of missing women would decrease to 31.78 million and the percentage also declines to 4.17 percent: the estimates are strongly affected by the choice of key parameters.
The phenomenon of missing women demonstrates that females in China suffer from discrimination from the moment of conception, inducing a gender imbalance in the Chinese 28 population and causing a male marriage squeeze. The result is not only marriage pressure on young men, which may potentially engender further social problems, but also deleterious effects on the welfare of the overall society and the long-term sustainable development of the Chinese population and society (Li et al., 2007) .
The Chinese government has become aware of the seriousness of the problem of "missing women" and "bare branches" and has taken a variety of measures aimed at combating the country's high sex ratio at birth (Zheng 2007; Hvistendahl 2009 ). China should, on one hand, strengthen such countermeasures already implemented by its institutions, culture and economy, and on the other, it should loosen or terminate the stringent fertility policy currently in place. The policy has successfully accomplished its task of controlling population growth and size, and it is now necessary to pay serious attention to the negative side effects it has engendered, and to proceed with its careful modification.
